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@ The H

ERA Collider (1992-200/)

Unigue ep collisions at /s =~ 320 GeV :

Two multi-purpose detectors:
Collected Luminosity HERAI + HERAII:

Collected Data samples:
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R

10.4 MHz ~
I

|1 2.3 ps (Pipeline)
Calo, Muon FTT....

<1kHz

L2 22 (Readout?)
FTT.NN....

< 200Hz
100 us (Abort RO?)

>

oW} pea(

FTT |
.max. 50Hz

27 % : A L4 asynchr. On-line

reconstruction
Fast Track Trigger (FTT):
HERAII upgrade: Lumi x5 v~15HZ
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@DH]1 Detector & Trigger

2
Q°~1000 o ~ ]/@4
GeV? -

1000

LAr Calorimeter

QL ~2 GeV’

< protons

electrons I' R

E - - T Central Jet Chambers

2 Photon virtuality / Resolving power:
Q2 - _q2 _ —(k L kl)2

Trigger: DIS case

e scattered electron
in Calorimeters

e fracks
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@DH 1 Detector & Trigger

2~ H A\Y IIl
g \JQOOO o, ~ 1/Q* P:]Ic():lc;orodu\chon/ rate”:
e ~
1 OOO et/e ‘ | ~ 1 Protons

LAr Calorimeter

slactrans Sk Q*~ 2 GeV?
B = | Q' ~0 FAST!
=5 =W Cordh) et Chamndrs B GeV?
= = T E - - = N
Open Chorli
R T o
z—’ ~1Hz Ao L o
et/e [ - i
Trigger: DIS case Trigger: Photoproduction case: ’P’,,-’;f;..-,.. — j
e scattered elecfron e no scattered electron (unfagged) 7 T
in Calorimeters e Track based final stafes:
* fracks H1 Fast Track Trigger!
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@D Concept of the EIT:

Requirements:

* precise Trock reconstruction
* high selectivity in huge ep bockground

The Fast Track Trigger:

cier S ez
. Wire:layers. N
Trackll
|“ 4--Ih
T L—

Trigger layers

* 0
D" — D " mgpp — KTTg0

12 Wire layers grouped in
four frigger layers

Hit digitization and coarse
2D tracks with

FIT-L1in 2.3us

* Track fit for up to 48 high
precise 3D tracks with

FT - L2 in 22us

* Exclusive final states &
Particle identification with

in 100us
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EDFTT-L1: Track segments

Compare tfrack segments

with precalculated masks:

o
0 —
O e —
© ~ s drift time ' L
o€ -
geﬁ“eﬁﬁ J-***",.H-_
’e,e' —
e,_eie‘_
&°
ereﬁﬁeﬁ O
[, o @ OWireZ.Wire3 CAM
Wire I:EIS\IIIIIIII
[(TIT I TTTTT]
Pipeline EEEENEEEEE B
H‘!HHHH‘HW”"QI c EEEEEEE EEEE
m Wire 2 M&. LLIT T[T
LTI I wires e
T T
0 max

Reduced data volume — effective sampling rate reduced:

20 MHz
80 MHz

-

(Comparison with ~ 3000 Masks for Level 1)
(Comparison with ~ 100000 Masks for Level 2)

N
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@DFTT-L1: Track linking

Level 1: - coarse histogram with 16x 60 (x@)—bins (40 x 640 bins at L2)

Track linking in 4 trigger groups:  at least 2 out of 4 segments

q) e B -
FTT-L1 FEM board: L .
o - O low py . \ Identified Track
- , £ 5 . /
£ i T ’ |
jEEEs ’
K
positive || || T o B . Sliding Window
low p. ] Layer 4
Layer 3
Layer 2
Layer 1
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IDFIT: Track linking & fitting

Level 1: - coarse histogram with 16x 60 (x@)—bins (40 x 640 bins at L2)

Track linking in 4 trigger groups:  at least 2 out of 4 segments

negative 1 ~.
low p; K A (dentified Track
pTa i [
K

positive || || T o B . Sliding Window
low p. L] Layer 4

Layer 3

Layer 2

Layer 1

her inreose in precision only via frack fit at FTT-L2 possible:
> 10° 3dim-Spurfits/s

1 Non-iterative Karimaeki Algorithm: Result: 48 precise 3D Trdckf
' - x,y values of linked track segments - Curvature ~D,
. - beam posifion (constant) - Azimuthal angle ¢
Linear Fit: - Polar angle 9

- z-values of frack segments
- z-\ertex position (calculated by FTT!) —» |[nput for FTT-L3 !
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20us

EDFTT-L1 & L2: Physics samples

Collected large light meson samples:

£ L

Entries 406532 % 0000 m NZOOk (l) meso
oscdl ~ssoco |- M(9)-M(KK) ~ 40MeV |
@ 30000 |- -2 or 3 trac
p— i § 25000 with p.> 100 MeV
' 20000 - - charge
20000(- -2 or 3 trac o | - opening angle:
withp >100 MeV
- charge oo o
, o K K
’ 0!5 ‘; 1.5 M2 v HW‘H‘ﬂ‘a ﬁZ 105 ﬂOAr 105
m M [GeV]
— - Tracks with p_ > 100 MeV at L1

- High precision tracks: Opening angle at L2
- Huge stafistics provides new insights info cross section measurements in
photoproduction cross section (diffractive processes)
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D FTT-L3: Realization

L3 Hard- & Software:

* 5 PowerPCs (VME G3 — processor cards)
* Real time OS “vxWorks”
* Front Panel Data Port (FPDP):
simultaneous data fransfer
* Time optimised C - code:
Nno evil functions, like square roots

S/ e
Q> _fTriggersit card & L3 decisions
Slave16 MVME2400/5500 PP C—>
C to central
triggerlogic

I s e

;7 L2 data (tracks,
—} muon,calo,...) via LVDS

L 1/O card

L3 Readout
CT signals

>
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D FTT-L3: Realization

L3 Hard- & Software: Iy asssws)L AN (FTT-Readout i

* 5 PowerPCs (VME G3 — processor cards)
* Real fime OS “vxWorks”
* Front Panel Data Port (FPDP):

simultaneous data fransfer
* Time optimised C - code:
Nno evil functions, like square roots

&)
\QQ' I TriggerBit card

I E L3 decisions
Slave16 MVME2400/5500 PPG C'—>
N to central
triggerlogic
g2 V4 Vo :
N3 FT1-Master
FPDP link F 7 \i _ /
. | ) ) 'y I ,H\ "%e
/0 card [~ .~ L2 data (tracks,

i muon,calo,...) via LVDS

L3 Readout
CT signals

>
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@DFTT-L3: Data processing

Data processing: Receiver card & “SCS” piggy back card:
* Input via hardware protocols (LVDS, FPDP)

* Data preparation via soffware protocols:
- “vxWorks” provides fask management
- task communication via semaphores

. VME connectors

VME connectors

LVDS link (80 MHz, 48bir) | FTT-L2 data
Receiver card Al y AL i
LTI RO signals | data [ EOT
transmission
step
FPDP link (20|MHz, 32bit) “ ”
PMC_DPIO PowerPC & "Vmeitro” PMC-DPIO card:
card V¥ FIFO Y
Data (end word) | EOT VME connectors "o g « il VME connectors |, =
Fifo-not-empty (IR kg I re Hhy i ? - 4444444471 1] ‘
Data (firstword) | -——— | [}  PESces
‘ Datal End-of-transfer IR 3
>—‘ PCI bridge )—4
Semaphore 'a’ - DMA
RSy vy
IR service "packed" !"unpacked"
oo handler Memory Memory
preparation
Semaphore b’ A A
1 -
Step y 4_________I:Dataacces$ ' S '
Datd = kesm=s=mmsms=ss====== v “yr ; 2, .
preparation Semaphore 'c’ : b= i £ ‘
selection =~ Data Etvernet & LED: L _ —— A
step PowerPC card selection *"'d_’ e s
L3| decisions ' ‘
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+ 100us
N3
/

@DFTT-L3: Data processing

Data processing: L3 selection algorithms:

* Input via hardware protocols (LVDS, FPDP) J/w, D*, b-mesons (electrons), muons, etc.
* Data preparation via soffware protocols:

- “vxWorks” provides fask management

- task communication via semaphores
LVDS link (80 MHz, 48bit) | FTT-L2 data

@ Uses FTT, Calorimeter & Muon information

Receiver card — ,
Y * .
ool R [d8 - TEOT] K Trigger D* mesons:
transmission TC+
step @ p_, Charge, ...
FPDP link (20|MHz, 32bit) T 0
*
PMCd—DPIO v | 2 Inv. mass for: D™ D"
car .
Data (end word) | EOT AANT A * 1 0
Fifo-not-empty|IR i - ? AJ\[ o j\[ ( D ) - j\[ ( D )
Data (first word) | ———
‘ Datal End-of-transfer | ) e
S PCI bridge H 432: -|_ <« IVIL,]
Semaphore ‘a’ | * ;;00:— | |
= DMA ]800;— | 4—'
RSy yy i 1600~ | |
_______ ‘ IR service J {"PaCked" l"UnPJCked" 1400 - | |
, handler | | Memory : Mdmory 1200E- | |
preparation — . 1 h | |
Step Semaphore 'b . 0 ' 1000 = | |
- 4_________I:Data acces? ' 300 | |
preparation Semaphore 'c’ Zgg 3 | |
selection Data 200E- J I |
Step POWerPC Card SeleCtlon 0:1 L | R L1 Lo TR BN B L L
0.12 014 016 018 02 022 024 026 028 03

FTT AM = M(D*) - M(D°) [Ge V]
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@DFTT-L3: Data processing

Data processing:

* Input via hardware protocols (LVDS, FPDP)
* Data preparation via soffware protocols:
- “vxWorks” provides fask management

- task communication via semaphores
FTT-L2 data

transmission
step

preparation
step
<40 s

selection
step

130 us

LVDS link

(80 MHz, 48bit)

Receiver card
RO signals

| data

[ EOT|

FPDP link (20| MHz, 32bit)

card

PMC-DPIO

v

Fifo-not-empty

Data (end word)

IR

Data (first word)

EOT W

‘ Datq|

End-of-transfer IR

—

PCI bridge

L

Semaphore 'a’

~ DMA

IRs

Yvy

‘ IR service
handler

Memo

"packed" !

"unpacked"
ry Memory

Semaphore b’

Data
preparation

PowerPC card

Semaphore 'c’

1

-
!

Data

selection

Time distribution of D* selection (doTo):

= 300 = — ,—
= F Transmission I 10°—
Q - nnnm H
E 250 — \ m
= t Preparation 1 =
§ 200:_ I . 36.
S [ Selection R
1o~ IE M .
1003— |
- 10"
50
00_ """" 15 20 25 30 35 40 45

#FTT track
Fit time distribution in slices! ' o

>
=
= 250
£
3
= 200
wn
a
Q150
£
a
S 100
=
50
0

:_ CT default: P

- . o

- Keepifno O

~ decision in time %

- 8

- I

" I

- I

— I

- e [

. L ol NI TP TP IPEAIIR PP B

0 5 10 15 20 25 30 35 40 45
# FTT tracks
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@FTT-LS Performance

- FTT Mass
resolution:

o~ /0 MeV

o (M(D%) = (69.2 + 1.2) MeV

15000—

# entries

FIT track

resolutions: 10000
o(1 /pT) = 2%/GeV

o(@) = 2.4 mrad >

1/pren-1/protsine (1/GeV)

%14000:—
®1zaoo:—
o(8) = 50 mrad _ _
8000 1 0.5 0 0.5 1
60005_ (Kn)oﬂ’line - (KTE)FTT [GeV]
4000— _— -
ook 12 4500 Mean [GeV] = 0.145478 + 0.000020
- 8 - Width [GeV] = 0.000904 + 0.000021
Y S S B S 4000 nBg = 154163 + 442
(pcw Portine (rad) £ 3500 N(D?) = 11939+ 232
-_;_gmooo_— E 30003_
oo 2500F no
socol- 2000~ % Triggered by FTT-L3:
C 1500 Pt
ao0of- F ' N(D™) ~ 12000
C 1000 :
2000~ 5005_ \
e b
Ot - Oofr-ine (rad) ' ' ' ' ' A M(Kxr - Kr) [GeV]
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@D The FIT “one-slide” summary:

Maijor effort of the H1 collaboration:

* FIT was the main H1 Track Trigger <10
. . L —e— L1 output / L2 input rate
* Complete H1 Readout used the L3Reject derived’s | e L3inputrate
< r .
from FTT-L3 after mid 2006 £ oL T Lhinputrate
. g . T UE b, ‘
* Increased frigger capabilities & selectivity for H1 £ & [*tssssnstiugees
* Rate reduction factors of about 100 i ation!
, , 10% &
* Achieved high performance - seopcttl agh ot
* For more details see 2™ part of thesis: I HH
https://www-h1.desy.de/psfiles/theses/h1th-504.pdf I PR [ A Y 1 O RO BRI s [0
440 450 460 470 480 490 500
5 F N F b
IS L WFTT-L2 __r: 16F —h == |3 output rate run number
o =FTT-L3 = I T
= 1035_ &FTT g 14 avg. Prescale
S F < r
S [ e —— 125_
B 10%E ——" 10F
> —.— T e — oF
E E T e s : -
6
10 et e = == ]
- q—# e e e 4_ -
i == 2F L
“I 1 1 1 1 m 1 1 1 ﬁ 1 | 1 1 1
- s 22 =~ D = S - 5 & =~ & @ = S
48 & & ¥ fF ¢ ¢ o 4 4 &4 ¥ F ¢ s o
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The Fast Irack Ilrigger &
D* production ar medium
&’ — summary from Ph.D.

* IntTroclucTion

> HI < Tne rast [rack Trigger:
- IntroclucTtion
- Tne ircl Trigger level

* D* production:

- Theoretical aspects
- Results: D* Cross section & FQC(X,QQ)

- Current field of work
* Conclusions
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@D Deep Inelastic Scattering (DIS)

Kinematics of DIS given by Lorentz invariant guantities:
* Photon virtuality / Resolving power:

e(k) e(k')

Q*=—q¢ =—(k—k)?

* Inelasfticity: Bjorken x:
. ) (p-q) @
(p - k) « 2p-a)
r(P) 9 (momentum fraction
* Related by: Q = SxY of scattered parton)

Neutral Current cross section at Q<< M? :

dzagc, 2T ) , , ,
orn __ em 1 1 — F 7. ( R F v (
drdQ)? Q4 {1+ 0 =9)°) P, Q) =y Fr(x,Q)}

—» DIS is a unigue ool to:
- Test perturbative QCD dynamics & measure substructure of proton:
parton distribution functions (PDFs)
- Precise knowledge of the PDFs is vital for measurements at hadron colliders
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D Heavy Quarks in DIS

Leading order: boson-gluon fusion Constraint on parton density functions (PDF):
2 NLO provided by HVQDIS 2 Direct access to g(x), Consistency with g(x)
(Harris et al.) from scaling violations (inclusive DIS)
@ But: multiple scales (mCQ, Q?, pTQ) 2 AT Q?% » mc2 heavy quark “is” a parton: c, b PDFs
(k) (k) @ Different theoretical HQ schemes, so called

variable flavor number schemes (VENS)

o Atx«1,@%» m 2 c(x), b(x) same size as u(x),
Matrix element
at NLO QCD ~ d(), s
- 2 HQ data & treatment in global fits affects cross
section predictions at hadron-hnadron machines:

HERA: Tevatron, LHC:

do

F 3
ol

—» Heavy Quarks (¢ b) vital for:
- Test perturbative QCD dynamics & measure substructure of proton
- Cross section predictions at hadron colliders
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@D D* Production: Boson-Gluon Fusion

1 ' g , 2 1
Dominant process: boson-gluon fusion: Kinematic quantifies: Q° , y and Bjérken x

e(k) e(k) ® |Inclusive cross section
Lol = T (14 (1— )] - Fs“(a, Q%) — - Fi*(2, Q%))

matrix D D* via Fragmentation:
element| & < 1 d o 0

’ k ® Pseudo-rapidity: n = —In( tan 7

d5 A Fragmentation ° fransverse momentum: p.
. function
‘ Perturbative QCD:

@ For inclusive DIS this is a NLO correction!

® Q@ m *or p? provides a hard scale

2 Test of heavy flavor treatment in pQCD

@ Parton densities ("gluon structure”)

Factorisation ansatz:

do =Y [ (wa, pp) @ dosjpx(p) @ Dy (2, piy)

'E'-gj,}f- | * Parton density functions (PDFs): Matrix element: calculable in Fragmentation function:
from global fits to data different heavy flavor schemes from data
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@D D* Production: Boson-Gluon Fusion

Dominant process: boson-gluon fusion:

e(k) e(K')

RAPGAP vs. CASCADE vs. HVQDIS:
LO(a) + PS < LO(a)+PS <« NLO(a?
massive BGF < massive BGF —& massive BGF (FFNS)
matrix p+ [DGLAP < CCFM < DGLAP
element S ~ 63 all partons < only gluons < all partons
> k Lund frag. < Lund frag. < Independent frag.

Fragmentation Note: RAPGAP + HERACLES used correction of data

function

Factorisation ansatz:

do =Y [ (wa, pp) @ dosjpx(pr) @ Dy (2, piy)

2,7,k | * Parton density functions (PDFs):l Matrix element: calculable in B Fragmentation function:
from global fits to data different heavy flavor schemes from data
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@D D* Production: Boson-Gluon Fusion

Dominant process: BGF process D* reconstruction in golden decay channel:

e(k) e(k')
*E 0.+ KT +\, T
D D 7Tslow ( @ )ﬂ_sl()w

- Higher resolutfion in mass difference:
AM = M(Kma)-M (Ko

matrix
element| & c

_ E B H1 Preliminary
do ¢ Fragmentation = i HERA II
- | function = 6000 ¢ Kirmnm
“ -~ - — it
E B N(D*) = |20803J_r282.
_E L
Ll 4000 —
I o L=347 pb!
2000 —
. Fit: Crystall Ball + Granet
. . - ided by RooFif
Visible range for the D* cross section: i provided By oor
@  :5-100GeV p(D" :>15GeV o oot o
y :0.02-0.70 InM@*)1:<1.5 M(Knn) - M(Kn) [GeV]

Note: Analysis is dominated by systematic error
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@D Improved reconstruction method

Different event reconstruction methods:
* Use measurement of the electron final state —» e-method

* Combine measurements of electron & hadron final state —» e>-method

Previous analysis vs. this analysis:  Also other quantities profit:
0.6[ 0.2

S +19%E, IS 1% B,
W o0.4F] P - o ,
0 : A+ (1% E®4%E, ) .g o1l A+ (1% E @4%E, )
S 0.2F S
@ - o
o) - o 5E 2/0 Ot ~ 15%
= 0?2 = s Y, 2 0.05 - )
- 8 "002<y<070
0.2 [ <y< 0.05 <y <0.7C
i 0.1
0.4F
06 W65 03 070 08 0.7 A D T
0.05 y n(D%)

—» Systematic error (from energy scale unc.) reduced significantly with ez-method
Phase space extended to lower y of 0.02
Total experimental error: ~ 9.5% (dominant is fracking with 6%)
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@D Cross section results

H1prel-08-072

Total BR of 2.57% » From fits Other Corrections:
\ N(D*) - Contribution due to b-quarks
V1S D*X _ Y
Utot (ep — € ) — £ B L I not subtracted = but < 2%
' ( — 7T7T810W) - € - QED NLO corrections » ~ 2%
Data corrected with RAPGAP ¢ ~ 60% - Correction D°decay » ~ 4%
g *TH Preliminary —e— H1 data (prel)
£ | HERAI %4444 HVQDIS (MRST2004FF3nio)
= ====:: HYQDIS (CTEQ5f3)
x
5 20
R ’"‘/M#/!M/I/
8 i i 7
© 1 % /2 L3<m, <1.6GeV
5< Q2 < 100 GeV? E_%—,Z?f_ti ",
- 0.02<y<0.7 B,
D*)> 5GeV a(Kartvelishviliy= 3.3+ 0.4
a2 12 / Theon scaled by (Td 2 Joc!
: /4’#’/
08
15 1 05 0 0.5

Shape comparison via

. - cale doecale
ratio: L)oo vis * o
—A B aro.data

- data |
J‘/O-tof.-tfis T4y

https://www-h1.desy.de/psfiles/confpap/ICHEPO8/H1prelim-08-072.ps

Rl

\l/ 6" October, 2009
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@D Cross section results

H1prel-08-072

Total BR of 2.57% » From fits
W« N

L B(D* — Kﬂ-ﬂ-slow) - €

Data corrected with RAPGAP € ~ 60%

Vl‘-;
Otot

(ep — eD*X) =

Other Corrections:

- Contribution due to b-quarks
not subtracted - but < 2%

- QED NLO corrections = ~ 2%

- Correction D°decay » ~ 4%

E H1 Preliminary —=e— H1 data (prel.) =3 H1 Preliminary
g HERA Il “iiee HYQDIS (MRST2004FF3nlo) % 1.5 HERAI X st HVQDIS (MRST2004FF3nio)
- B Fi=i=i=: HVQDIS (CTEQ5f3) A=) 5 < Q< 100 GeV? = L mimm HVQDIS (CTEQS53)
< g 4L 0.02<y <07 o
% =] ©
% “r . § S st IS G ’-’%’m’ §
T 0 A A Mﬁﬁ‘?{(//,ﬂr 3 s IS
¥ 2 /////'7/[/ A/////zj’lllij"/, 15 < p (D) < 2.5 GeV
- . . P L | L
1 % Lo L3<m, <1.6GeV 15 -1 05 0 05 1 15 95 1 05 0 05 1 1.5
5< Q> < 100 GeV? g‘is:Qszgz o) )
2 y S<p g <
- 02<y<0. fr "0 D*in DIS D*in DIS
SO(D%:]O.S?GW a(Kartvelishviliy= 3.3+ 0.4 %' 0.4 n L3 <m, < 16 Gev %- In
| | s | % :3::31 :““‘f) % 003+
& 12 ‘ Theon scaled by 6% /G55 'i_ 03" OégKar}::ﬁ;:;hv-I;):3_3J_r0.4 'i'_
: § 7 | A S
o 0.1% £ 0.01-
08 I 35<p, (D)< 55 GeV rgggg, 5.5 < p(D¥) < 14.0 GeV
! | ! . | . | . | . | L 1 L L 1 . 1 . 1 . 1 . | L
-1.5 -1 -0.5 0 0.5 . -01.5 -1 05 0 05 1 (D;I).S -01.5 1 05 0 05 1 (Dg).s
. n n
Shape comparison via ) _ - .
. eale . ot - NLO prediction describes data reasonable
ratio: _ [Tiotis " “av , . .
| foeta—_ datet - Small excess in forward directions at low p,
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dD Extraction of FZC(X,QZ)

o (z QO 210 N\2] e ) 2w
) = o (14 (1 y)) - F'(2, Q%) — o B

Only at high y: 2-3% for this

What is done to measure F_° (x,&): measurement negligiole
Double differential cross section
measurement in visible phase space
exp
Oyis (Y, @
c exp Vis Fe theo
(, Q “hoo Fy gl (@ Q )

ot (y, )

Double differential prediction of
cross section in visible phase space
(DGLAP & CCFM)

\

Prediction of F °(x,&? in full phase space (n,p,)
(DGLAP & CCFM) pT(D*) > 0 GeV

In(D*)| » 10

- Extrapolation info not measured region:

Use different models and assign extrapolation uncertainty!

w\h// 6" October, 2009 Summary from Ph.D. thesis
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H1prel-08-072

@Crcss secf/on resu/fs

H
o T T T — T
> 200 2_7 GeVZ L1 Gev2 L 18 Gel?- 200 |- Q2= 2] 2| 2 : :
8 _ Q [ Q 7GeV 7 11GeV 7 18GeV™] o Medium Q2 points
[ '__' ] i ‘f TT 3 | this analysis
'E 100} + * + *+ 1 100} + %% - . 5 .
o [ I+t + @‘1 ) *, | + | *High @*points
= - ' B T i 7]
N RN S S-S B et B — | from other
R TTTTTT T T 11T IR T 1 LTI ettt ——H Y -+ ——r L R
% 200 - 32 GeVZ+ 65 GeV? - 120 GeV? - 200 | 32GeV2} 65GeV> | 120 GeV? CIﬂCI'YSiS
S T RS W Ve SN N -
< 100} T + | R + -
o ! % | I ] i + | - 1 |
_‘ T4 = =1 | ~F =]
L ::::2::: - — :::::2:: e o e e e — e
200__ 200 GeV' 1 440GeV'~ H1preliminary 200 200GeV™ - 440GeV™ | H1 prejiminary
L 1 _ =& Data HERAII | 1 —| -&- DataHERA-I
I 1 ] — CASCADE (A0) i + { — Hvabis
100 - + - 100 |- €1 a (MRSTO4FF3)
i 1 | total theory
'_ - __ _ B — 1 | uncertainty
| -~ f | | e
0 1 IIIIIIII 1 L 1 IIIIIIII 1 L1 0 L | L el L L —| L e o e
10 107 1072 10" 1 10° 107 107 107 1
y y

—» - Equally good described by HVQDIS (NLO, DGLAP) and CASCADE (LO+PS, CCFM)
- Both have difficulties fo describe the new (lowest) y-bin (= highest x)
- Data don't prefer a specific model - use both for the extraction of F * (x,Q%
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=

Extrapolation factors

H1prel-08-172

o T P T Extrapolation to full phase space:
g Q2=7 GeV2[ 11 GeV2] 18 GeVZ] P
= 'F .1 .1 .- e _ Tyl p(D%) > 0 Ge
E i B d2 . theo D* = 10
2 1 L Y'Y L4 - cee® | .... _| ddeQ O yis ln( )l
S I ] ° CASCADE & HVQDIS used, <f*"*> ~ 3
5 S S ”'”M el * Ratio CASCADE/HVADIS within 10%
o I 1 1 ®"1 e BUT atf high x differences of up to 80%
Y ¢ ] . @ Reason is the restricted phase space
S 1 [ e T vt - > larger n(D*) range helps !
S ;
e O el —_”” * Extrapolation uncerfainty:
= 200GeV2[  440GeV?| charm mass: 1.3 <m_< 1.6 GeV
9 “F T E renormalization & factorization scale:
m | —
E Tr oo _:_ oo 0.5< uf,r/uo <2 l'102 = Q'+ 4mc2
w 1 PDF: MRST vs. CTEQ
0 ool il sl o vl Fragmentation: from H1 measurement
10 10 10 10 10 . . o
X * Parfial cancellation of uncertainties

\/
'\\."1"- |(

6" October, 2009
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@D Charm contribution F °(x,&F¥) "~

FS in the CCFM scheme (CASCADE)

F in the NLO DGLAP scheme (HV&DIS)
0-6 TTTTI] T T

cC 0.6 rTm
FZ

0.2 |

| \IHIIIIl \IIIIIII| T TTITI] T TTTIT|
L Q%?=7GeV?
04 |

11GeV? |

| IIIIIII\| IIIIIIH| T TTT|
18 GeV? :

440 GeV? - H1 Preliminary

0.4 + -
0.2 | b1 -
_ ¢ | }

_ $ -
0 Il IHIHIl Il IHIIII| Il IIIIIII| L Il IIIIIII| 1 IIIIIII| 1 IIIIII|| e
10 10° 10 10° 10"

® D' HERAI
CASCADE (A0)
theory
uncertainty:
1.3<m_ <16 GeV
0.5u<u <2u

041

0.2

: Q2= 7 Gevz:
0.4 —

11 GeVv2!

18 GeV2]

120 GeV2

\

||||\|; 0 i - g sl __.mmll Lt vl 1
I i H1 Preliminary

200 GeV2 440 GeV?]
0.4 .
02| . \}§ -
0 i oo vl e e il sl il |||||: .
10° 10° 10° 10° 10"

—| —@— Data HERA-II

CTEQ5F3
MRSTO04FF3

total theory
uncertainty

PDF variation

X
— Reasonable description using CASCADE or I—I)f/QDIS
Steep rise with increasing Q* Scaling violations
Differences of 20% - but large differences af highest x ~ 100%

* Medium &2 points
this analysis

| * High @ points from

other analysis

* Extfrapolation Unc.

from variation of:
- charm mass

- scale

- fragmentation

- PDF (HVQDIS)
* Single most
precise
measurement of
FQC(X,QQ) at HERA

6" October, 2009
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@D Current field of work: Extension

Difference in extrapolation at F; i the DGLAP scheme (HVQDIS) P, inthe CCFM scheme (CASCADE)
highest x goes down to ~20%: g | ey [ oy 1 omrar P ommon ,
ST S 40 Qnly statisfical 17 Only stafjstical )
S T Q'=70GeV’ T Q@ =115GeV’ 1 [ 1 ] [ T 1
52 | T . ; - errors ! ¢ \ 1t erors! 1 g -
sF ) T 1o \ I S T,
5 | o I . E | I S ] "~
%o 1 g"® 1 L _ 'E; A S I IR A g L @sGev: gomoev:
&0 0.5-— —+ . ":-Nu.at; 1 1 Woab —+ |
: _ \ f s

SR ) SIS ST R BRI EETY) BT EEFRE T EEFRUAT M 0.2k + - 0.2 ¥ T 3 ]

2 2 2 T 2 2 ] L I ) T * 1
g5 [ Q=185GV 1 Q*=34.0GeV : . \ 3 [ 5
\51'5:_ 1 B g r Ql=}725C}e\I’0 e This analysis § ¢ :I?EGEVE ] ¢ This analysis
g 2 [ 1 ] 53“0,4; . stat. error only Lo 041 T stat. errcoronly
55 1 296 T -1 ] [ :ngagD(CTEOSFa) I i I CASCADE (A0)

o ] T o 1 I — NLO QCD (GIROT) ol : T

&E L 1 ] 0.2F + . “l i3 1

0.5 T n r $
1 ] N TR 10! A L A N O O

o~ el ol il o X X X X
2 2 _ 2 T ]
AR mgglﬁ:ﬁsfrag - Extend phase space: p (D*) > 1 GeV and In(D")1 < 1.8
Z 150 ] T

: o) 1 PAaSys” ™91 Good description of data by CCFM & DGLAP scheme
ga 1 . .
55 1 as? (For GJRO7 thanks to P.J. Delgado)

kel L T ] . . .

g - consistent with H1prel-08-172 & smaller differences

e R B Y 10 R R —y 10 between F “(x,&2) in different schemes!
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@D Current field of work: Unfolding

"Correction factors — a disaster. .
data will tend to follow the MC ’rho’r

® Errors in general too optimistic gave you the correction factors..”
J P (R. Barlow, SLUO lecture 9 (2000) SLAC)

* Unfolding infroduces:
@ No bias with respect to a particular model

@ Bin-by-bin correction method common in HEP:
@ Possibly strong model dependencies

Bin-by-Bin|Unfolding with
method [regularization, m > n

of the physical process and MC simulation Measurement erors
® No or small bias, with respect to general taken into account no yes

requirements of the solution (smoothness, ...) Smal bin-to-bin

correlations no yes
unbiased w.r.t. Model| no yes
simple yes no

@ For a discrete measurement with n bins:
| H | |
Ax =y X=Ay V =A Vy(A )

X = n-histogram of true variable x V = error propagation for true variable x

y = m-histogram of measured variable y V = error of measured variable y
A = m x n response matrix

—» Use the best correction method with (almost) no bias: Unfolding method
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@ Current field of work: Unfolding

True value _
Unfolded valu

® Bin size = resolution — huge fluctuations originates  «,o.<t’ case
from contributions of not significant bins scenario
@ Use regularization (or if possible: larger bins):

F(x) = ||Ax — y||? + T||Lx||?= min T >0

? Optimal value of T: L-curve method:

A weak
regularization

9.2

9.1 1=210107°

Example from analysis

log(]|Lx]|)

8.9

10

log (curvature), L
©

8.8

8.7

. strong >
optimal regularizatign 8.5
8.4

0.7 071 0.72 0.73 0.74 0.75 0.76 0.77 0.78

Iog(| |AX_Y| |) Iogm(xz) of A

—» Several conditions for the regularization possible — choice is non-trivial &
depends on the problem/analysis
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@D Current field of work: Unfolding

? Not a "countfing” measurement, need fits in AM distfribufions to "get” the response

matrix A
2 O(500) fits per single differential distribution

:On\ 7005 Mean [GeV] = 0.145376 = 0.000041
8 600 ; Width [GeV] = 0.000909 + 0.000047
=} C N(Bkg) = 18556+ 154
= SOOi N(D*) = 1984 + 84
3 400;

300;

ZOOi—

100;

0(.)‘]7 0‘14 : 1.‘0‘.1‘4‘5‘ OEIS ’ JO‘.’I‘SIE‘ 0‘16 ‘ ‘O‘ pra— (I).17
A M [GeV]

0
High Pur'\W‘- e 8044‘{0).__. ‘. iw

# Entries

SR
NP @7
S

10*

10°

10%

10

@ Not limited in n(D*) or p_(D*) butiny

(especially at low y)
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@/mpacf of charm for global fits

AII HERA mec:suremen’rs F C(x @2) W & Z cross sections at the LHC:

This presentation |

1 NLO QCD:
] | — CTEQ5F3
Zr SHERA I

VIX i
8" (prel.) HERA II:

" i
4Ge\/2 i

-- MRST2004FF3

—
T T T T

[\
T

Tro(pp->(Z°—>10)X) (nb)

(—]
T T T

—
T T T

0.2

W & Z cross sectlons at the LHC

2.2
NNLL-NLO ResBos
2.15 Uncertalnty glvenA c1y
by CTEQ
2.1 p A(TSM
A ,-A CT65M
CT5HJ
2.051
7z CT6HQ
2. " A CrsHq
A cTsMI
1.9 A cr3m

Tio(PP—(Z°>1£)X) (Nb)

Trot(pp—>(W*=>/v)X) (nb)

- CTEQO.6:

185 19, 195 20, 205 21. 215 22

2.2

215}

21}

2.05

1.95¢

1.9}

18.5

W* & Z Cross sectlons at the LHC

NNLL-NLO ResBos

=3
MSTW' 0(-L - ZEUS-ZM

ZEUS-TR
0 NLO PDF's ; zsus a
B NNLO PDF's PN
CTEG6.6 -~
S WAlekhin 02
f - mAMP 06
O
MRST04
O
MRST02

P. Nadolsky (CTEQ)

19. 195 20. 205 21. 215 22.
Trat (PP~ (W*—£v)X) (nb)

—» Global analysis of structure function data:
massive HF scheme

- CT6M & CT6TM:  massless HF scheme
Cross section prediction for LHC can

change quite largely & outside cited CL

,\
i % 1 - Increase precision by combination of dafa (ongoing)
‘1’0 | 0 1 Gain in systematic error by “cross-calibration” with ZEUS
N Summary from Ph.D. thesis 35



@D Conclusions

* The Fast Track Trigger:

Width [GeV] = 0.000904 + 0.000021

1000

e s s
- The “working horse” trigger at H | .
- Fully operational at all 3 layers wi /7 Triggered by FTT-L3:

EN(D*)~ 12000
- large data samples of exclusive final states "L _L . AT

like p, @.J/P, D* and b mesons

AM(K K)[GV]

_ ch in the NLO DGLAP scheme (HVQDIS)
F cc 06 7‘ R BLLLLLL BELRALLL LU ILRALLL IR B LLLLLL IRLRALLL I IR I

*> D* cross section results:
- Systematic Uncertainty decreased! NN \

- Good description of the data except forward region

- Single most precise F °(x.Q) measurement at HERA | % =~ ¥ \ j

* Forthcoming publication: g e

- more insights into forward region T the PR

- F °(x.Q@"): significantly smaller differences between models **} \\ \\ ;

10° 107 10° 107 10"

-+ Precise PDFs vital for LHC cross section predictions
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@D Backup
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20us

DFTT-L2: Track fitting B

CJC2

CJC1

> 10° 3dim-Spurfits/s \\
- :
L CJC1 CJC2 9;\.

Linear fit in longitudinal plane

Circle fit in transverse plane
non iterative Karimaki Algorithm:;
- Input:
- X,y values of linked frack segments
- beam position (constant)
- Result:
- Curvature ~p, '

- Azimuthal anglep

\Q;'/( 6" October, 2009 Summary from Ph.D. thesis 38

Linear fif:
- Input:
- z-values of track segments
(measured with charge division)
- 7-Vertex position (calculated by FIT!)
- Results:

- Polar angleg




@DFTT-L3: Read out

+100us|
N3
/

&)
\QQ’ HW TriggerBit card

&/ Slave16 MVME2400/5500 PP

L3 decisions

to central

aTaYaye)

triggerlogic
\A
O
o2
Sl
H Receiver card SCS PB : FPDP link
H.‘Master MVME2400 PPC !
|~ |7 L2 data (tracks,

L I/O card _
=) muon,calo,...) via LVDS
H ] L3 Readout
%E CT signals
d

Readout information:

* Internal bank structure

* Input & all derived quantities

* Trigger decisions

* Typically 1kB/event of trigger data

The readout concept:

* Readout based on inferrupfts: Slave
signals Master with IR that it is ready

* Afterwards all other cards readout

L3 Readout concept:

——» CTLsignals via IR — Internal Readout
or internal Prepare event ——» FTT Readout
— = Slave IR E Certain VME register
L3 CTL interface L3 Master

FTT Readout

{t I CTL . L
externa 1 1 Slave IR (if event processing finished)
signals

| MVME2400 PPC —‘

' ¥
\ \
VME Bus Data Data Data Data Data Data
| I\ I\ I\
A A A A
I i i i
L3 Trigger bit L3 Receiver FPDP L3 Slaves ‘
| custom PCB custom PCB e > ii
DPIO1/2
. .\ il . i [ i
L =

MVME?2400/5500 PPC

MMl
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+100us
3

@FTT—LS: Particle ID for electrons

Combination of Calorimeter energy

" Allows to cut on:
depositions (E._ B, ¢) and -
P ( 2 and opening angle: Agp, AS

(Peak at ~1 for Electrons)

T Kalo

track information (p. ) inL3: "Prem

- E

T,Kalo /pT FTT

* Separation between Pions & Electrons:

[%) 0.21 T
g I N nfromp decays
, Z e from J/ vy decays
0.5 | s
I
: I
0.1
0.05]
Focus: electronID atlow p OE =
T 0 02 04 06 08 1 12 14 16 /1.8 2
- E
b-tagging for b -> eX T P ey
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@D Fits of asymmetric shapes:

asymmetric Peak:

Crystal-Ball:
()" exe(-4)

f@) =1 (prle-2)"

if % < —(, exponential decay

Background (Granet Parametrisation:)

fx)=po-(x— Mot )" - e P e

exp (—% (r;m))z it :r:;m > —q Gauss distribution

@ Signal function: Gauss with exp. tail

? a deftermines where they are fit together

iINn units of o

® Un-binned likelihood fit of signal &
background function

® Describes MC and data well

H1 Preliminary
HERA I

* K Tt Kilow
- fit

N(D*) = 20803 + 282
®

6000 [—

Entries / 0.5 MeV

4000 [—

.
ot
.
.

2000 [~ 5 < (0% < 100 GeV?

0.02<y<07
D] <15
Py (D*) > 1.5 GeV

" | I
0.14

1 | 1 1 | 1 1
0.15 0.16 0.17

M(Krr) - M(Kr) [GeV]
RooFit comes from the BaBar collaboration:

* Developed by W. Verkerke and D. Kirkby

* basically everything is a C++ object: Datq,
Integrails, Fits, p.d.f.'s

* Relies on ROOIT, but extends the ROOT
functionalities for fitting, minimization, etc.

* Nice Framework with single line commands

6" October, 2009
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@ Reflections

D* selected by window in D°

/,_; i 0 =-1.0963 £ 0.019
" - - o I Mean [GeV] = 0.1455211+ 0.0000067
E! IOSS-_ H1 Prellmlnary 8 8000 B n Wie(;[h [GeV] = 0.0008109 £ 0.0000069
= 4000 - o HERAI S o smseess
o ¢ e > L - 1
L ¢ ®* K'n+Kr a
= wrong charge Kn § 6000 ] .
9 3000 . g f 1 Inclusive
= 5<Q*< 100 GeV? 4000 F
= i :.o.. o . 002<y<0.7 I = charm MC
L gt % . I D#l< 15 i .
. p_(D*)> 1.5 GeV 2000 [~ :
2000 T C '
. %
. i '
0(.)135 0.14 0.145 0.15 0.155 0.16 0.165 0.1
1000 A M [GeV]
| :;; N Mean [GeV] = 0.145867 + 0.000085
0 S a0k * Width [GeV] = 0.001597 +0.000078]
16 18 2 22 8 o N(Bkg) = 7397 + 99
M(KTC) [Gev] 3 o N(D*) = 1236 + 61
= 250
a C
= C
200
Other decay R
150
C h anne |S decay Branching fractions C ;
100
. golden channel: D** — Dz im 67.7£0.5)% F H
(reﬂec'hons): DY KFat 3.8+ 0.07)% oF Only reﬂeCtlonS
other channels: D — K*KT 3.84 £0.10) x 1073 g
DY — K¥ptqd 14.1 £0.5)% 0

3 0.135 0.14 0.145 0.15 0.155 0.16 0.165 0.17
DY - gFqpE 1.36 £0.03) x 1073

(
(
(
E
DY — paEatrt (7.31 4£0.27
(
(
(
(
(

) % 10-3 AM[GeV]
DY — gFpEg0 1.31 +£0.06)%
D' — K7t ) (351£0.11)% only refl )
DY — K¥pu* 3/1) 3.19 £0.16)% NS ' (D )

(=)
DY — xFe* v,

DY — 7F = (Vu)

2.81 +0.19) x 103 r = Na‘ﬂ(D*) = 0.04

2.4+0.4) x 1073
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@D Radiative Corrections

Advantages of the e3>-method: Correction of NLO QED effects
OBorn+NLO — (1 + 51‘ad)

Initial State Radiation:

Size of correction with different

rmetheds:. 0000000 . e-method

LA —-¥-method

= — eX-method
121

p(P)
Final State Radiation:

1 IO.1I 1 1 IO.2I 1 1 IO.3I 11 IO.4I 11 lO.5I 11 lO.6I 11 IO.7

method

—» - Compromise between resolution & size of corrections
- e2-method provides best resolution & small corrections
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@D Fragmentation functions (FF):

Jet method:

> momentum of c-quark appro-
ximated by momentum of rec.
D*-jet

Ziop = (E+pr) p*
1€ (E+p)jet

> kj-clus jet algorithm applied in
'yp-frame (Et(D*j(;‘!.) > 3 GeV)

Hemisphere method:

> momentum of c-quark approximated
by momentum of rec. D*-hemisphere

z i (E+pL) p*
hem Ehem(E‘l'p)i

> n(part) > 0 for p-remnant suppression

> thrust axis in plane perpendicular to ~y
used for hemisphere division

D* hemisphere

/
thrust”

Differences of the methods:
@ Jet method & hemisphere method:

Hemisphere

@ Methods are different, i.e.
hemisphere method sums more gluon
radiation and does not need a hard
scale (jet E_-cut)

@ Hem. method is sensitive to
threshold region |

\
%‘1'4,( 4

/- 6" October, 2009  Summary from Ph.D. thesis
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@D Fragmentation functions (FF):

* If a hard scale is involved: 11 Proliminary ‘
- jet- & hemisphere method agree well ~ Rap. default|- —

. —o— Zjet
- FF also agrees with ZEUS and LEP data .. jefaurth - et o Zp, Djet
° If no hard scale is involved: e Zyep, 110 D'jet
: : Rap. Aleph |- e ——]

- discrepancy at charm production

threshold in QCD models Cas. Aleph - @ —e—

- much harder fragmentation HVQDIS | oo —e—
More information: R W S 1)

http://arxiv.org/abs/0808.1003v2

® Fragmentation uncertainty from FF values

for charm production:
HVQDIS: CASCADE:

at-threshold: a=60"0  a=82+11
above-threshold: a=33+04 a=46=x+006

® Threshold position from 5 (cms energy of
hard subprocess): 70 4 20 GeV? 70+ 20 GeV?
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@D Systematic errors

Uncorrelated errors:

Track etficiency

Luminosity

Radiative correction
Branching ratio
Primary-vertex fit ethiciency
Signal extraction

Trigger efliciency

DY meson mass cut

PDF uncertainty
Reflections
Photoproduction background

Correlated errors:

2% per track

Cteq6ll vs. Cteq6im

6%

3.2%

2.5%
B%

DY

2%

1.4 %

1.0%

1%

< 1.0%

~ 0.15%

2D NS

Model uncertamnty
Electromagnetic energy scale
Scattering angle #

Hadronic energy scale

CCFM vs. DGLAP
+1%
+1 mrad

+4%

< 3%

1-2.5 % (6% at high )
~ 2%

1.0 % (10% at low y)

Error breakdown for the cross section measurement available in thesis:

https://www-h1.desy.de/psfiles/theses/h1th-504 . pdf

A/ 6" October, 2009
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@D The extended region: not final!

| AM-Plot (Crystal Ball + GarnetBg) |

o =-0.8936 £ 0.022

Mean [GeV] = 0.145404 £ 0.000015

9 B Width [GeV] = 0.000988 + 0.000017
8 B N(Bkg) = 374790+ 714
S 8000 — N(D*) = 25961+ 379
> L
-'GE—') [
9 6000— .
L - -
ek # N(D*)~26000
- p, (D" >1GeV
2000— N
- In>"1 < 1.8
0_ L | | | L Loﬁ:\ | 1 1 I"T"‘n-l L Lol J o ) ! L l 4o Il L |. LodoJdoJ
0.135 0.14 0.145 0.15 0.155 0.16 0.165 0.17
A M[GeV]

Gluon density:

Forward region interesting:

do(ep — eD*X) / dn(D*) [nb]

4

—— This analysis (MyOwnSVD)
stat. errors only

------- CASCADE (A0)

------- HvVQDIS (CTEQ5f3)

(Cut p(D") in (yP-cms)> 2.0 GeV)

3 — MR T> }//\F/HLW CASCADE VS. RAPGAP VS. % 20‘ —e— This analysis (MyOwnSVD)
r CTEQSFS : | stat. errors only
HVQDIS: Fragmentation, %_ 1 sb VNS (T Es6m, KKOS)
g parton shower, efc. 2
S 1.0- — o ST
3 _» e _ii_+_
' i _;_¥_ I
Massive vs. I\/Iossles%wl ...... 3
HF schemes ¢ F
(ZM-VFNS: G.Kramer & C.Sandoval) - 0.0l o L e e L
' -1.5 1.0 -05 00 05 10 1.5
1 (DY)
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@D Combination of charm data

ch Combined D* and Charm Lifetime Tag

FCC o4 | Q°=65GeV® | Q°=12GeV’ | Q°z20GeV
2 - X B
0.3 |- n
0.2 | B -
01 |- - -
OE‘\\\‘\\\‘\\E‘\\\\‘\\\‘\\E‘\\\‘\\\\‘\
oq | Q°=35GeV? | Q°=60GeV’ | Q°=120 GeV’
03 |- - B
02 | - =
01 |- - =
P I I U I W < N N
oa | Q°=200GeV’| Q°400 GeV’
: : - H1 Preliminary
03 |- B ® Data HERA-II
g g VFNS MSWTO08 (Prel)
02 |- B —  VFNS MSWT08 NNLO (Prel)
i i ---  FFNS MRST04FF3NLO
01 |- ) FFNS CTEQ5F3
P T N N

log,, X

ﬁf( 6" October, 2009 Summary from Ph.D. thesis



